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Abstract 
Overfishing is a global environmental problem that risks fisheries since many of the fish stock of the fisheries have 
already reduced to below a tolerable level. One of solutions that often implemented in the fishery management is by 
calculating the value of Maximum Sustainable Yield (MSY) as the maximum tolerable harvest that can be taken out 
from the natural stock without harming the population over an indefinite period of time. A proper tool used for 
computing the MSY is needed to support the fishery manager in solving this decision making problem.  In this paper 
we propose a software development of Decision Support System (DSS) to address such fishery industry problem. The 
DSS is developed to compute the MSY from the annual yield-effort data of the fishery. We use two sigmoid growth 
equations, Logistic and Gompertz equations, as the underlying population models, which then are approximated by 
their discrete forms for computing several growth parameters. Most known methods of  growth parameter estimation 
use a Multiple Linear Regression with Ordinary Least Square method (MLR-OLS). Here we propose the application 
of Artificial Neural Network with Linear Perceptron method (ANN-LP). A case study in this paper shows that the 
effectiveness of the proposed ANN-LP is as good as the MLR-OLS  in estimating both the growth parameters and the 
MSY of the fishery in the case study. 
 
 needed in the computation of its MSY by using Artificial Neural Network (ANN) Linear Perceptron.  
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1. Introduction 
Preserving the fish or aquatic population is an important thing to do, especially for fisheries 
management. On the other hand, there are so many things that could endanger the sustainability of the 
population. In order to maintain the population, the fisheries management should be able to handle it. One 
of obstacles that must be rid by the fisheries management is overfishing. Since that kind of 
overexploitation could harm the fish population, which is happened by reducing the fish stock to below 
acceptable level, the fisheries management need to use a proper concept in order to accomplish the 
mission of preservation. The most used concept in the fisheries industry is the Maximum Sustainable 
Yield (MSY). It represents the largest yield that can be taken from a fish population without harming its 
sustainability over indefinite period under the existing environmental condition [1].  The concept is 
acceptable for fulfilling either the preservation mission or the profitability of the fisheries industry at the 
same time.  Theoretically it provides the best economic benefits to the society [2,3]. The early  use of the 
MSY in fishery goes back to Schaefer [4,5]. Since then the use of the MSY dominated other methods  and 
it is still used up to the present [6,7]. Basically, to find the MSY we need the knowledge of the fish 
dynamics or the growth equations. Once the growth equation known, the MSY can be obtained as the 
function of the growth parameters of the fish, such as the intrinsci growrh rate and the carrying capacity 
[4,5]. A good reference for the MSY and other forms of fisheries management is [3]. This book shows 
that many fisheries problems can be formulated  as mathematical problems via mathematical modeling 
[8], especially by the use of system dynamics  approach [9,10,11]. 
Despite the widespread use, some authors criticized the MSY for several reasons. One of them is its 
instabilty due to the imprecise estimated parameters which may cause severe catasthropic to the fish 
population. If the resulting estimated MSY is higher than it is supposed to be, the population may easily 
collapse. In this case, manual estimation is prone to error, hence it is highly recommended for the fisheries 
management to use a reliable software in order to compute the precise value of the MSY. In the previous 
study [12,13], a decision support system (DSS) has been made in order to apply the concept of the MSY 
as the main part of recommendation statement to the fisheries manager as the user.  
As has been stated, finding several growth parameters is needed to calculate the value of the MSY, 
since the MSY is a growth parametric function. In order to find them, mathematical model should be 
implemented in the DSS. There are two sigmoid growth models, logistic and Gompertz, which used 
widely for computing several growth parameters needed in the computation of the MSY. The logistic 
model which is used in [4,5] is originally developed by Verhulst [14,15] in responding the idea of Malthus 
where a population cannot grow without an upper bound [16]. The growth equation has two growth 
parameters, the intrinsic growt rate and the carrying capacity. The equation will briefly explained in 
Section 3.1. The logistic equation is not the only mathematical form that can describe the sigmoid 
behavior explained in [14], since Gompertz [17] also developed a similar mathematical equation for the 
same purpose. In fact Verhulst model and Gompertz model are belong to the same family, i.e. generalized 
logistic model as shown by Tsoularis in [18]. In  Section 3.1 we provide a brief description of the 
Gompertz model in differential equation form. 
In this paper we use both the Verhulst logistic model and the Gompertz model to develop a DSS for 
estimating the MSY given a catch-effort data of a fishery. The main differences between the previous 
work in [13] and our paper here is the different method used in finding the growth parameters. Our paper 
proposes the usage of Artificial Neural Network (ANN) Linear Perceptron as the estimation method for 
computing the intrinsic growth rate r and the carrying capacity K parameters, while the previous works 
used ordinary least square method for to solve the regression problem in the DSS. The DSS developed 
here is intended as an improvement of the previous versions (SOFish ver. 1.0 [12] and  SOFish ver. 1.1 
[13]). The paper’s organization is as follows: Section 2 defines the DSS design for finding the value of the 
MSY using two sigmoid growth modesl and its discrete forms, and discusses the ANN Linear Perceptron 
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as the estimation method. Section 3 and 4 discusses formulation of mathematical model and its ANN 
computation, respectively. Section 5 covers a case study on yield-effort data as the input to the DSS. 
Finally section 6 furnishes the concluding remarks of the research. 
2. DSS Design 
A decision support system (DSS) is a model-based or knowledge-based system intended to support 
managerial decision making in semi-structured or unstructured situations [19]. The objective of the DSS 
in this study remains the same as in the previous works [12,13], i.e. purpoted to use to support fisheries 
management decisions in fisheries industries. The DSS work flow is shown in Fig.1.  
 
Start 
Input
Year, Catch, Effort
Logistics Growth Model Gompertz Growth Model
Multiple Linear Regression 
Ordinary Least Square
ANN Linear Perceptron 
Regression coefficient 
estimation using ANN
Growth Parameters r, q, K, the MSY, 
and Recommendation
Try 
Again
Done
YES
NO
 
Fig. 1. The workflow of the DSS. 
Roughly the methodological development of the DSS follow the steps in Fig. 1.  The annual yield-
effort data were required as input of the DSS application, with the record of year, catch, and effort. As a 
system development, the code used for the computational process of ANN Linear Perceptron has been 
programmed manually and will be used as the estimation method. This way was chosen in order to 
implement the algorithm precisely, following the procedure step-by-step, through the DSS to ensure that 
the processes would invoke it from our framework and lead them to the desired outputs. Previously on the 
older SOFish version, multiple linear regression (MLR) with ordinary least square (OLS) method were 
used for doing the similar task of the estimation. Both MLR and ANN will generate some regression 
coefficients that will be used for calculating the growth parameters r, q, and K. For the system 
appearance, main window is organized in single‒compact windows form with three major functional 
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panels: Input data, regression and results as shown in the figures in the Appendix. The DSS is developed 
using  Visual Studio 2012 Ultimate with the .NET Framework 4.0 and  C# Language  (via Visual C#) in a 
Windows Form as user interface application. 
 
3. Mathematical Models 
Mathematical model is an object or concept that is used to represent something else whose parts are 
mathematical concepts, such as constants, variables, functions, equations, inequalities, etc. [2]. 
Mathematical model were implemented in various field of science, such as physics, biology, and even 
social sciences. The implementation also affects the development of fishery industry, especially for the 
harvest theory.  
 
 
Nomenclature 
X the population size of commercial fish stock X at time t 
K  the carrying capacity of the population 
r the intrinsic growth rate of the population 
q the catchability coefficient of the population 
C the constant harvest rate in the exploited population model 
E the total effort of the harvest at year n 
U the catch per unit effort of the harvest at year n 
As has been discussed earlier, in harvesting theory, two growth models, logistik and Gompertz, are 
often used as the estimation model for calculating the value of the MSY from yield-effort data of 
fisheries. Further explanation will be shown in the next part of this section. 
3.1. Logistic Growth Model 
Logistic growth model is a typical model of population growth that originally due to Pierre-François 
Verhulst in 1838 [14,15]. Verhulst obtain his logistic equation to describe the self-limiting growth of a 
biological population. Letting ܺ represent population size and ݐ represent time, the form of this model is 
formulized as differential equation: 
 
ௗ௑
ௗ௧ ൌ ݎܺ ቀͳ െ
௑
௄ቁ (1) 
 
with growth parameter  ݎ defines intrinsic growth rate and ܭ defines carrying capacity. If the constant 
harvest rate (ܥ ) is involved in equation (1), the dynamics of population is formulized as following 
equation: 
 
ௗ௑
ௗ௧ ൌ ݎܺ ቀͳ െ
௑
௄ቁ െ ܥ (2) 
 
Using the assumption that ܥ ൌ ݍܧܺ , with ܧ  represents the effort, ݍ  represent the catchability 
coefficient, and catch per unit effort (CPUE) is defined by ܷ ൌ ܥȀܧ  , then the biomass equation is 
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obtained as ܺ ൌ ܷȀݍ. Those equations will be used for converting the equation (2) to more applicable to 
the annual yield-effort data which is forming the discrete form of the model. Two examples of the 
generated discrete model are obtained by Schaefer method [4] and Schnute method [20]. The Schaefer 
method is represented in equation: 
 
ሺ௎ഥ೙శభି௎ഥ೙షభሻ
ሺଶ௎ഥ೙ሻ
ൌ ݎ െ ቀ ௥ሺ௤௄ሻቁ ሺ ഥܷ௡ሻ െ ݍሺܧത௡)  (3) 
 
and the Schnute method  is represented in this equation: 
 
݈݊ ቀ௎ഥ೙శభ௎ഥ೙ ቁ ൌ ݎ െ ቀ
௥
ሺ௤௄ሻቁ ቀ
௎ഥ೙ା௎ഥ೙శభ
ଶ ቁ െ ݍሺ
ாത೙ାாത೙శభ
ଶ )           (4) 
 
with ഥܷ௡ as average value of CPUE for year ݊ and ܧത௡ represents the total effort that exhausted in year n. 
There are more discrete forms of the Logistic growth model implemented in the previous DSS as stated in 
[5] and [6] that also implemented in the new one. 
3.2. Gompertz Growth Model 
The other growth model that also using the sigmoid curve is Gompertz growth model, named after 
Benjamin Gompertz. There are several differences between the Gompertz curve and the logistic. The 
main difference is shown from the asymtote of their function that approached differently. With a similar 
instances as has been used in the logistic model, the Gompertz model is formulized as follows: 
 
ௗ௑
ௗ௧ ൌ ݎܺ݈݊ ቀ
௄
௑ቁ (5) 
with growth parameter  ݎ defines intrinsic growth rate and ܭ defines carrying capacity. If the constant 
harvest rate (ܥ ) is involved in equation (7), the dynamics of population is formulized as following 
equation: 
 
ௗ௑
ௗ௧ ൌ ݎܺ݈݊ ቀ
௄
௑ቁ െ ܥ (6) 
 
Using the same assumption that has been used in the equation (2), this equation is also could be 
converted into its discrete forms. Some of resulting discrete forms are Fox [21] and CYP [22] methods. 
The Fox method  is given by equation 
 
ሺ௎ഥ೙శభି௎ഥ೙షభሻ
ሺଶ௎ഥ೙ሻ
ൌ ݎ݈݊ሺݍܭሻ െ ݎ݈݊ሺ ഥܷ௡ሻ െ ݍሺܧത௡)       (7) 
 
and the CYP method  is given by equation 
 
݈݊ሺ ഥܷ௡ାଵሻ ൌ ቀ
ଶ௥
ሺଶା௥ሻቁ ݈݊ሺݍܭሻ ൅ ቀ
ଶା௥
ଶି௥ቁ ݈݊ሺ ഥܷ௡ሻ െ ቀ
௤
ଶା௥ቁ ሺܧത௡ ൅ ܧത௡ାଵ)       (8) 
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4. ANN Linear Perceptron 
An artificial neural network (ANN) is a computational model based on the structure of biological 
neural networks. It is a statistical learning tool to approximate an unknown function. Some computational 
model for the neural network have been developed in the early development [23]. Then a hypothesis of 
learning based on the mechanism of neural plasticity is proposed by a psychologist in [24] followed by 
the creation of an algorithm for pattern recognition via supervised learning to classify whether an input is 
from one class or another different class. This method is known as perceptron [25]. In our DSS, a 
supervised ANN with linear perceptron is implemented in order to estimate the regression coefficient that 
will be used for computing the growth parameters. The architecture of the ANN is shown in Fig.2. 
 
 
 
Fig. 2. The architecture of ANN Linear Perceptron 
 
The ANN will continue to compute the estimation value (yIn), with linear or identity activation function, 
and approach the estimated value to the target output until the error were minimized though the desired 
target error. The error were measured in terms of mean square error (MSE) so that the performance of 
ANN could be monitored every iteration. Indeed, R-squared value is also measured in order to see how 
good the relation between the estimated values and the target output was. In addition to the standard 
perceptron algorithm, the batch correction technic is used to make a correction to the weight and bias 
value. As the outputs of the computation, the regression coefficients were estimated by the final value of 
bias and weights. The perceptron algorithm used in the DSS is: 
for epoch=1:maxEpoch 
   MSError(epoch) = 0;    
   for data=1:n 
      yIn = b + w1*x1(data) + w2*x2(data); 
      y(data) = yIn; %linear activation function 
      MSError(epoch) = MSError(epoch) + (t(data)-y(data))^2; 
   end 
     MSError(epoch) = MSError(epoch) / 6; 
     %weight and bias with batch correction technique 
     deltaW1=0; 
     deltaW2=0; 
     deltaB=0; 
 
73 Asep Sholahuddin et al. /  Procedia Computer Science  72 ( 2015 )  67 – 77 
 
   if(MSError > targetMSError & epoch~=maxEpoch) 
      for i=1:n 
         deltaW1 = deltaW1 + learningRate * (t(i)-y(i)) * x1(i); 
         deltaW2 = deltaW2 + learningRate * (t(i)-y(i)) * x2(i); 
         deltaB  = deltaB + learningRateBias * (t(i)-y(i)); 
      end 
      w1 = w1 + deltaW1; 
      w2 = w2 + deltaW2; 
      b = b + deltaB; 
   elseif(MSError <= targetMSError) 
       break;  
   end 
end 
5. Case Study 
In order to test the DSS we use the data of fishing effort (number of trap-hauls) and average Catch Per 
Unit Effort (CPUE) in the Northwestern Hawaiian Islands Lobster Fishery, 1982-1989 [22]. The yield-
effort data will be used as the input to the DSS and will be processed by using certain mathematical 
model that has been stated before and also with its respective discrete forms. Then, the resulting data will 
be calculated by ANN linear perceptron in order to find the estimation of the regression coefficients that 
will be used for calculating the growth parameters r, q, and K. After finding them, the value of the MSY 
would be found by using certain formula for respective model and could be used as a recommendation to 
the fisheries manager in order to make a decision of the harvest. The test of the DSS using the data  in 
[22] gives the result of the estimation as in Table 1 and Table 2. 
From the resulting estimation, we can see that the ANN linear perceptron could be used for the same 
purposes as the MLR-OLS, which is the estimation of the regression coefficients. As a consequence, the 
resulting estimation can be used for calculating the growth parameters r, q, and K, so that the value of the 
MSY could be found. The estimated value of those growth parameters and the MSY were shown in Table 
3 and Table 4 together with their respective MSY. Table 3 and Table 4 show that the proposed ANN 
method is in agreeement with the most established MLR-OLS method, both for the logistic and the 
Gompertz models.  The results also close the the results in [22]. Assuming that the true value is the results 
form the MLR-OLS method, the effectiveness of the ANN Linear Perceptron is nearly 100%. This 
indicates that the method is a good candidate to use when the MLR-OLS is unable or diffficult to find the 
estimates. In some studies the ANN has a better accuracy than the linear regression [26]. 
Table1. The resulting estimation for Verhulst  growth model 
Discretization 
Method 
Coefficient MLR-OLS ANN Linear 
Perceptron 
Difference 
Verhulst-
Schaefer 
c0 0.67272756965782 0.67769747116595 -0.00496990150813 
c1 -0.27676813328207 -0.28000029223697 0.00323215895490 
c2 -0.00000046562243 -0.00000046604304 0.00000000042061 
MSE 0.00439350560981 0.00439847718850 -0.00000497157869 
R-squared 0.78429580706674 0.78584070775555 -0.00154490068881 
Table 2. The resulting estimation for Gompertz growth model 
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Discretization 
Method 
Coefficient MLR-OLS ANN Linear 
Perceptron 
Difference 
Gompertz-Fox c0 0.31195322884844 0.31524422550105 -0.00329099665261 
c1 -0.39040631719936 -0.40000007330630 0.00959375610694 
c2 -0.00000037567980 -0.00000037565412 -0.00000000002568 
MSE 0.00582205002119 0.00583761735598 -0.00001556733479 
R-squared 0.71415978205809 0.71828040835379 -0.00412062629569 
Table 3. The estimation results of growth parameters and MSY of the Verhulst-Schaefer Method 
Parameter MLR-OLS Estimates ANN Linear Perceptron 
Estimates 
ANN 
Effectiveness  
r 0.6727275696578 0.67769747116595 99.26% 
q 0.000000465622 0.00000046604304 99.91% 
K 5220225.2913302 5193394.93849108 99.49% 
MSY 877,947 879,888 99.78% 
Table 4. The estimation results of growth parameters and MSY of the Gompertz-Fox  Method 
Parameter MLR-OLS 
Estimates 
ANN Linear Perceptron 
Estimates 
ANN 
Effectiveness 
r 0.39040631719936 0.40000007330630 97.54% 
q 0.00000037567980 0.00000037565412 99.99% 
K 5918397.30798631 5854419.5955052 98.92% 
MSY 850,015 861,488 98.65% 
 
 
6. Conclusion 
An artificial neural network (ANN) with perceptron linear algorithm has been proposed for estimating 
the regression coefficients needed to find the growth parameters r, q, and K in order to find the value of 
the MSY in a fishery industry.This method has been implemented in a DSS to minimize the imprecise 
results if it is calculated manually. The results show that the ANN is reasonably good compared to the 
most known linear regression method. The ANN  is effectively approaching the value of the linear 
regression method to nearly 100% of the linear regression method. This indicates that the method is a 
good candidate to use when the MLR-OLS is unable or diffficult to find the estimates. In some studies the 
ANN has a better accuracy than the linear regression method. 
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Appendix A. Snapshot of the DSS 
There are three panels that used for different purposes. The first panel is input panel as shown in figure 
A.1. There are two options that can be used to input the data. The first option is to input the data manually 
by choosing the Default tab in the input panel. The second option is to import the data from excel 
worksheets (*.xls or *.xlsx) by choosing the Import (Excel File) tab on the top of the input panel, then 
click the folder button as shown in the figure. In the Default tab, we can use another two options, entering 
the data manually by specifying the number of  rows needed as many as the number of data (this is the 
case if the users use their own data or by using an example data set by pressing the Automatic Input tab. 
The data in automatic input is borrowed from [22] to reflect a real case of fishery.  Using this option will 
result in fig. A.2. 
 
Fig. A.1. The Import Excel File Panel.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. A.2. The input panel by using the Automatic Input tab 
76   Asep Sholahuddin et al. /  Procedia Computer Science  72 ( 2015 )  67 – 77 
The other two panels were used as process monitor panel and the results panel. The Regression panel 
were used to show several process of regression that used for estimating the regression coefficients of 
equations (3), (4), (7), and (8) in Sections 3.1 and 3.2. There are also an explanation stated in the previous 
section that ANN-Perceptron (with linear activation function) were used for the same purposes as the 
regression that is to find the regression coefficients c1, c2, and c3. The illustration of the panel shown in 
Fig. A.3 after pressing the MSY button if we chose the MLR-OLS tab. 
 
  
Fig. A.3. The Regression panel. 
 
Fig. A.4. The Results panel. 
The Results panel were used to show the final results of several growth parameters r, q, and K that also 
used to calculate the MSY as the output and the main consideration of the DSS. Recommendation box 
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were also provided to support the user in making decision of the harvest. The illustration of the panel 
were shown in figure A.4. 
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